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TECHNICAL NOTE D-9

EXPERIMENTAL INVESTIGATION OF AIR FILM COOLING APPLIED TO AN
ADIABATIC WALL BY MEANS OF AN AXTALLY DISCHARGING SLOT

By S. Stephen Papell and Arthur M. Trout

SUMMARY

An experimental investigation was made to determine the character-
istics of axially discharging single-slot film cooling of an adiabatic
wall exposed to a hot-air stream. Mainstream gas temperature ranged from
520° to 2000° R and the mainstream Mach number was varied from 0.15 to
0.70. Cooling-air temperatures ranged from 540° to 870° R and the
cooling-air Mach number was varied from 0.0 to 1.0. Basic film-cooling-
data plots for the four slot heights investigated (1/2, 1/4, 1/8, and
l/l6 in.) have been presented in nondimensional form.

In order to obtain a data correlation covering the range of effective
temperature ratios from 0.1 to 1.0, it was necessary to use four varia-
tions of a basic correlating equation. The four equations and their
limitations have been included.

Within well defined restrictions, an evaluation of the data showed
a temperature-ratio effect on the effective temverature parameter. The
square root of this temperature ratio (Ta/T ) was introduced into the
. g
data correlation where applicable.

INTRODUCTION

A surface exposed to a high-temperature gas stream can be protected
by injecting a layer of cooler gas along the surface in such a manner as
to form an insulating blanket between the hot gas and the surface to be
cooled. This method is called film cooling even though the film remains
an entity only for a short distance downstream of the injection point.

Tne complexity of the mechanism involved in the interaction of the
hot and cold streams makes it difficult to calculate film-cooling per-
formance on a strictly theoretical basis. In several investigations
(refs. 1, 2, and 3) attempts were made to do this by the use of simplify-
ing assumptions. Experimental investigations were carried out in



references 1, 4, and 5. The use of semiempirical means made it possible
to obtain film-cooling correlating equations based on data subject to
respective rig limitations. Unfortunately, the range of variables
examined was quite limited.

In reference 4 an adiabatic flat plate exposed to a cold (4920 R)
alrstream was heated by discharging hot air through a slot at the surface
of the plate. The velocity of the cold airstream was varied from 52 to
105 feet per second. The temperature of the injected air ranged from
approximately 542° to 571° R. The correlating parameters in reference 4

were the effective temperature ratio [(Tg - TW)/(Tg - Tg)], specific
weight flow ratio [(pV)a/(pV)g], and the distance ratio x[s.

The same type of setup was used in references 3 and 4, but in refer-
ence 4 Iinstrumentation was employed to evaluate heat-transfer coefficients.
Furthermore, use of two basic slot configurations, which included normal
and parallel injection of the coolant relative to the test plate, demon-
strated the film-cooling superiority of the parallel slot discharging
axially downstream. Mainstream gas temperature ranged from 515° to 520° R
and mainstream velocity was varied from 42 to 123 feet per second. The
temperature of the injected air ranged from 565° to 655° R.

‘The experimental investigation of reference 1 dealt primarily with
normal injection of the coolant, and again the range of primary variables
examined was gquite limited.

In order to evaluate further the usefulness and limitations of film
cooling, an experimental investigation was undertaken at the NASA Lewis
Research Center to extend the range of variables previously investigated
and to attempt a correlation using basic parameters applicable for design
information.

Film cooling was evaluated herein using single slots discharging the
coolant downstream and parallel to the test plate. Fine screens and well
rounded approach sections were used in both the hot and cold streams to
minimize turbulence effects. The test section was an 8- by 8-inch rec-
tangular duct 36 inches in length. The test plate was the insulated top
wall of the test section. Mainstream gas temperature ranged from 530° to
2000° R and mainstream Mach number was varied from 0.15 to 0.7. The
cooling-air temperature was varied from 540° to 870° R and was discharged
through slot heights of 1/2, 1/4, 1/8, and 1/16 inch. The specific weight

flow ratio [(pV)a/(pV)g] was varied from 0 to 13.9. Table I lists the
number of runs showing the range of data obtained. Within this range the

effect of radiation from the three uncooled walls of the test section was
found to be negligible.
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Since no theoretical model was developed, it would not be reliable
to extrapolate the data and correlations obtained in this investigation
to (a) conditions outside the range of measurements, (b) conditions where
radiation is important, (c) conditions of flow other than those existing
in the test, or (d) other fluids than air.

SYMBOLS
A flow area, sqg in.
M '~ Mach number
P gbsolute total pressure, 1b/sq in.
P sbsolute statlc pressure, 1b/sq in.
s slot height, in.
T total temperature, °R
v velocity (gas), ft/sec
W gas weight flow, 1b/sec
X distance on adisbatic wall measured from slot discharge posi-
tion, in.
- E ISR R R aa ~
o \L\—L.I.O.LUJ’ J-U/ “u LU
v
(e Ja specific weight flow ratio
(pV) ¢
Tg -Tw
effective temperature ratio
T -T
g “a
x/s distance ratio
Subscripts:
a slot gas
g mainstream gas

w adiabatic wall, flat plate



APPARATUS AND INSTRUMENTATION

Figure 1(a) is a photograph of the film-cooling rig taken prior to
installation of the external insulation about the test section, and fig-
ure 1(b) is a schematic diagram of the complete test assembly showing
instrument stations listed in table II. The can-type combustors
discharged into a mixing section containing a system of baffles and
screens designed to obtain uniform temperature and pressure profiles
at station (1). Total-pressure rskes and static-pressure wall taps were
installed at station (1) to measure mainstream gas flow. Additional
sereens downstream of station (1) were included to further obtain uniform
fIow conditions.

A can-type combustor was also installed in the cooling-air line in
order to vary the temperature of the injected air. Cooling airflow was
measured at station (3) by means of orifices sized to handle a wide range
of airflow rates.

Cooling air entered the slot box (section (a)) and was tangentially
ejected through the slot along the test plate (section (b)). Rounded
epproach sections in the slot box and fine screens in the cooling gas
line were used to induce uniform flow conditions. Four readily exchange-
able slot boxes were used with slot heights ranging from 1/16 to 1/2 inch.
Table I lists the pertinent dimensions.

Figure 1(c) shows two photographic views of the test plate showing
instrumentation fittings. The test plate was the 8- by 36-inch insulated
top wall of the test section. It was made of l/lG—inch Inconel with
thermocouples embedded close to the surface which is exposed to the hot
gas. A mineral-type insulating material good up to 2500° F was used
behind the test plate to prevent radial heat transfer. Table II(b) lists
the distribution of the thermocouples and static-pressure taps along the
test plate relative to the slot discharge position. All the instrumenta-
tion was installed within a 4-inch band along the plate centerline allow-
ing 2 inches on either side in an attempt to eliminate fluid dynamic and
heat-transfer effects caused by the side walls of the test section.

The test setup was supported on rollers to allow for axlal thermal
expansion, and the complete assembly was covered with insulation to mini-
mize heat loss into the test cell. The assembly was connected to the
laboratory air supply and discharged to ambient conditions.

- The total temperature of the mainstresm flow was measured in the
plane of discharge of the slot (station 2) while the cooling-air tempera-
ture was measured in the slot box (section (a)).
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PROCEDURE

For each run a standard procedure was employed in which all varisbles
were constant except the cooling-air weight flow. The mainstream gas
temperature and Mach number were set at desired values and the smount of
cooling air ejected through the slot was varied for each data point by
Progressive settings of the control valves. At each setting sufficient
time was allowed in order to obtain equilibrium conditions before the
necessary pressures and temperatures were recorded.

The same procedure was repeated at various mainstream Mach numbers
and temperatures for the four slot heights investigated. For the majority
of the runs the cooling air was used at the temperature supplied by the
laboratory, but for some of the runs the air was heated within a limited
range.

RESULTS AND DISCUSSION
Presentation of Data

Basic nondimensional data plots, showing the axial distribution of
effective temperature ratio for various constant values of specific
weight flow ratio for the four slot heights investigated (1/2, 1/4, 1/8,
and 1/16 in.), are presented in figures 2 to S, respectively. These plots
include all data obtained during subject investigation and are presented
in lieu of data tabulations.

Parametric Effects on Film Cooling

The interrelated parameters of the basic data plots were varied
systematically to determine their effects on film cooling. Data showing
these trends and effects are presented in figures 6 to 8. It should be
emphasized that although these curves represent the general trends, they
constitute a sampling only of the complete data of figures 2 to 5.

Slot-height effects. - Figure 6 is a plot of effective tempersature
ratio against the (x/s) parameter for the range of slot heights investi-
gated (1/16 to 1/2 in.). Mainstream Mach number, temperature ratio
(Tg/Ta), and specific weight flow ratio are held constant. Within these
restriections it is noteworthy that the conventional effective temperature
ratio generalizes as a function of the (x/s) parameter.

Mainstream Mach number effects. - The effective temperature ratio
is plotted sgalnst (x/s) for various mainstream Mach numbers on figure 7.
For this plot the slot height, temperature ratio (Tg/Ta), and specific




welght flow ratio are held constant. Over the range of Mach numbers
investigated it can be observed that mainstream Mach number effects are
quite small and within the accuracy of the data can be considered
negligible.

Specific weight-flow-ratio effects. - The plots of basie data in
figures 2 to 5 show the effect of varying the specific weight flow ratio
on the effective temperature-ratio parameter. Figure 2(a) is a typical
example showing the effective temperature ratio plotted against (x/s)
for various values of speclfic weight flow ratio. In this case main-
stream Mach number, slot height, and temperature ratio (Tg/Ta) were held
constant.

An examination of the data shows that with increasing distance x
downstream of the slot discharge position the constant specific weight-
flow-ratio curves asymptotically approach some value of effective tempera-
ture ratio depending on the temperature of the gas mixture. The rate of
effective temperature-ratio drop along a constant specific weight-flow-
ratio curve depends on the change in heat and momentum exchange between
the hot gas stream and the cooling film. It should be noted that, at the
slot discharge position, the effective temperature ratio is influenced by
heat transfer through the slot-box wall and by recirculation of the hot
mainstream flow into the cooling slot which occurred at low values of
specific weight flow ratio.

It can generally be observed that the effective temperature ratio
varies with some function of specific weight flow ratio.

Temperature-ratio effect (Tg/Ta). - In figure 8 the effective tem-
perature ratio is plotted against (x/s) for various values of (Tg/Ta)
ratio. The mainstream Mach number, slot height, and specific weight flow
ratio are held constant. A temperature-ratio effect is readily observed
on this plot. Note that the trend of the effect of temperature ratio
also holds for the inverted temperature-ratio curve (Tg/Ta = 0.545) which
simulates a film-heating problem. o

Cooling-gas temperature-level effect. - The two sets of curves on
figure 9 are plots of data obtained at two different cooling-air tempera-
ture levels. The abscissa for both sets is the (x/s) ratio but the
ordinate for one is the effective temperature ratio (Tg—Tw/Tg-Ta) while
the ordinate for the other is the adiabatic wall temperature (TW). In
both cases the mainstream Mach number, slot height, and mainstream gas
temperature are held constant while the individual curves on each plot
are for different cooling-air temperatures.

The three plots of figure 9(a), (c), and (e) in the order of in-
creasing specific weight flow ratio show the temperature-ratio effect
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Tg/Ta previously introduced. Increasing the specific weight flow ratio

also increases this effect. It may be noted that the higher-temperature
cooling air appears to be more effective.

An examination of figures 9(b), (d), end (£) shows that at the slot
discharge position a wall-temperature difference exists between the two
different cooling-air temperature curves on each plot but that progressing
downstream both curves approach each other quite rapidly and become equal
at velues of (x/s) depending on the specific weight flow ratio. Since
the wall temperstures on each plot are essentially equal beyond a certain
value of x/s, it can be observed that the use of lower-temperature
cooling air does not necessarily mean obtaining better cooling.

A possible explanation for this phenomenon is that the higher
temperature cooling air produces more effective cooling due to the
increased gas velocity supporting the cooling film.

Correlation of Results

An empirical correlation of data obtained at low temperatures and
velocities by employing a paremeter of the form % gz &1 was developed
g

in reference 4. Figure 10 is a plot showing fairly good agreement between
data at (x/s) ratios greater than 100 (ref. 4) and the present data at an
(x/s) value of 70. The comparison was made using the film-heating data
obtained in this investigation because it is directly comparsble to that
of referencc 1.

An approach similar to the one of reference 4 was used in attempting
t0 correlate the present data. It was assumed thaet the form of the cor-
relation would probably be more complicated since heat-transfer rates
change and the difference in fluid properties starts to become significant
at the temperatures employed in the present investigation. Thils complica-
tion might be related in some manner to the temperature levels of the
two fluids.

Correlating procedure. - The a§tempted correlation was chosen to Dbe
based on the conventional effective temperature ratio (Tg°Tw/Tg'Ta)

because its convenient nondimensional form is generally accepted by in-
vestigators in the film-cooling field. Since the Parasmetric Effects on
Film Cooling section of this report shows that this ratio appears to be
some function of specific weight flow, (s/x), and (Ta/Tg) ratios, the

correlation was assumed to take the following form:

-

=K
Ty~ Tq (pV)g




In order to determine the three unknown exponents in the above equa-
tion, each parameter was plotted against the effective temperature on log-
log scales while holding the other two parameters constant. It should be
emphasized that the following three plots (figs. 11, 12, and 13) consti-
tute a sampling only of the complete data of figures 2 to 5 but also
represent the general trends.

Figure 11 shows the effective temperature ratio plotted against the
distance x for constant specific weight-flow-ratio curves. Mainstream
Mach number, slot height, and temperature ratio (Tg/Ta) are held con-
stant. Note the difference in the slopes of the curves within specific
regions which indicates the possible need of separate correlating equa-
tions to cover the complete range of data. Further observations of dsata
defined four distinet constant-slope regions.

In figure 12 the variable is the specific weight flow ratio pletted
against the effective temperature ratio for constant value curves of x.
Mainstream Mach number, slot height, and temperature ratio (Tg/Ta) are
held constant. Slope changes for three separate regions are indicated
in this plot. :

The temperature ratio (Tg/Ta) is plotted against the effective tem-

perature ratio in figure 13 for constant x curves. Below an effective
temperature ratio of approximately 0.70 a definite temperature-ratio
effect is observed. Above this value and for values of x close to the
slot discharge position, this effect becomes quite small. These results
also indicate separate correlating regions. '

It was necessary to attempt to formulate four separate correlations
to cover the range of data obtained since a single correlation resulted
in excessive scatter due to the large changes of slopes in the different
regions indicated in figures 11 to 13. No correlation attempt was made
for values of effective temperature ratio below 0.10 because of excessive
scatter of data. It was also assumed that the small amount of cooling
obtained in this region was of no practical interest.

All the data obtained were plotted in the form of figures 11 to 13.
The slopes of the individual curves were measured within the regions
indicated, and aversge values were obtained and spplied as exponents to
their respective parameters. The determined exponential values were
applied with the measured film-cooling data to the assumed form of the
correlation in order to evaluate the constant K.

Results of correlation (range and limitations). - The accuracy of
the four empirically derived correlations was now determined by calculat-
ing an effective temperature ratio using the film-cooling data. Qualify-
ing restrictions had to be made in order to generalize the data. Figure
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14 shows plots of the measured against the calculated effective tempera-
ture ratio. These plots are an indication of the accuracy of the four
correlating equations which were needed to cover the range of data
obtained.

The calculated values of effective temperature ratio for figure 14(a)
were obtained by using the following equation:

Ty~ Ty [(oV)a] io.7z T_ao.s
- o () (2 )

Restrictions imposed on this correlation limits its usefulness to an
effective temperature ratio less than 0. 70 and for poslitions along the
test plate grester than 3.5 inches as measured from the slot discharge
position. The data on this plot are also limited to & maximum specifiec
weight flow ratic of 2.00 and includes the range of slot heights inves-
tigated (1/16 to 1/2 in.). The parallel lines indicate a +0.06 band
which includes 92.2 percent of all the data obtained which are subject
to the above restrictions.

The temperature-ratio parameter (Ta/Tg)o'5 appears to correlate

this data which is an effect heretofore not reported by investigators in
the field. If the theoretical model of reference 2 1s assumed to be
approximately correct, fluid property differences can account for a
parameter value of (Ta/Tg)o'Ze. The balance of this effect may be due to
the increase of mixing caused by the lncreased turbulence level at higher
gas temperatures. Previous investigators could not have cobserved this
phenomenon since their data were obtained within a temperature range not
subject to measurable fluid-property differences.

The calculated values of effective temperature ratio for figure
14(b) were obtained by using the following equation:

0. 44 0.36
Ty~ T (oV)
£ ¥, a s
Toom Bﬁ[rpvy;] : (2)

g~ ~a

Restrictions imposed on the above equations sre similar to those limiting
equation (l) except that this correlation holds for positions on the test
plate close to the slot exit (x <« 3.5 in.). The effective temperature
ratio is limited to a maximum value of 0.70 and the specific weight flow
ratio is limited to a maximum value of 2.00. This plot includes data to
cover the range of slot height from 1/16 to 1/2 inch, and 87 percent of
the data are included within the 3+0.08 band as indicated by the parallel
lines,

e el
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The parameter (Ta/Tg)l/2 which is included in the previous corre-

lation does not appear here. It is possible that the initial momentum
of the cooling stream has sufficient energy near the slot exit to cancel
out this effect.

The correlating equations (1) and (2) hold for values of effective
temperature ratio less than 0.70. It was also necessary to obtain two
equations for effective temperature ratios greater than 0.70. This was
due to the slope change of the log-log plots at an (x/s) value of 18.6.

The calculated values of effective temperature ratio for figure
14(c) were obtained by using the following equation:

0. 18 0.11
T, - T (oV)
& ¥ _ . a B
Tg-Tq * ls[zpv)g] x) (3)

The above equation holds for values of (x/s) greater than 18.5. In this
case where the effective temperature ratio must be greater than 0. 70,
the specific weight flow ratio had to be limited to a maximum value of
4.0. Under the above restrictions the cooling obtained using the 1/16-
inch slot was quite ineffective, therefore, this correlation holds for
values of slot heights between 1/8 and 1/2 inch. Within the 30.08 band
indicated by the parallel lines, 89.3 percent of the data is included.

For figure 14(d) the calculated values of effective temperature
ratio were obtained using the following equation:

T -7 (QV) 0. 18
£ ¥ . 0. 2

Restrictions on the sbove equation are similar to those limiting equa-
tion (3) except that this correlation holds for (x/s) values less than
18.6. Effective temperature ratios must be greater than 0.70 and the
maximum value of specific weight flow ratio is equal to 4.00. The values
of slot heights must also be between 1/8 and 1/2 inch. In this case
93. 7 percent of the data are included within the +0.08 band as indicated
by the parallel lines. Note that within the above restrictions the
effective temperature ratio is merely a function of specific weight flow
ratio.

It should be noted that equations (3) and (4) do not include the
(Ta/‘]'.‘g)o'5 term. It appears that for effective temperature ratios
greater than 0.70 the increased initial momentum of the higher weight

flow cooling gas helps maintain the identity of the cooling film and
thus cancel out the temperature-ratio effect.

I2=4d
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The four plots of figure 14 which are an indication of the accuracy
of the correlating equations also show the extent of the data scatter.
Although the parallel lines, which include most of the data, indicate
that the scatter can vary from spproximately 10 percent at high values of
effective temperature ratio to 70 percent at low values, it can be seen
that the variation in wall temperature is a constant over the range of
each correlation.

For example, in figure 14(a) if it were assumed that Tg = 2000° R
and T, = 500° R, then a simple calculation would show that the scatter

in the data results in a 180° maximum difference in wall temperature
which is constant over the range of correlation.

The following table lists the four correlating equations obteaeined
in the present investigation with their respective limitations.

Correlating equations Tg—Tw Applicable [Maxi«|Slot
E‘:@; distance |mum, |height
(g ) (range), |(pV)g|(range),
rang . in.
iij
g
- 2 0.72 .5
T,-T (pV) T
€ ¥ _1o., als & 1t L 1
(1) 1.7, 2 6- pV)g_(X) (Tg) 0 N 7o x>3.5 | 2.0 |15 to 3
- 0.44 0.36
T, -T (pV) 4 ]
& v _1, 8 s L oto
(2) 1,7, 1.86 _-(D_VE_ = o.é.*;o Xx<3.5 | 2.0 ¥ to 3
w 0018 O-ll
T_-T v
(3) £ ¥ _1.15 (o )a. 8 0.7 to |X£ > 18.6 4.0 | t0 &
Tg-Tq [ (oV) x 1.0 |s 8 2
™ 0.18
T-T (V) 1, 1
€V _o. 8 ) x 0 |20k
(4) Tg_Ta=0 83 (p—vsg 017.50 S < 18.6 4.0 8 to 2

It is again emphasized that the
air for both the heating and coolant flows, and therefore cannot be

above equations were obtained using

applied to gases having fluild properties other than air. It should also
be noted that no theoretical confirmation was obtained for the right to
extrapolate these equations for use at temperatures higher than those
employed in the present investigation.
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SUMMARY OF RESULTS

An experimental investigation was made to determine the character-
isties of axially discharging, single-slot film cooling of an adiabatic
wall exposed to a hot gas stream. The test plate was the top wall of an
8- by 8-inch rectangular duct 36 inches in length. The temperature of
the mainstream gas ranged from 520° to 2000° R and the mainstream Mach
number was varied from 0.15 to 0.70. The temperature of the cooling air
ranged from 540° to 870° R and the cooling-air Mach number was varied from
0 to 1.0. In most cases the slot was choked for the maximum weight
flows. Basic nondimensional data plots for the four slot heights inves-
tigated (1/2, 1/4, 1/8, and 1/16 in.) are herein presented.

A data correlation covering the range of effective temperature ratios
from 0.1 to 1.0 was obtained using four variations of a basic correlating
equation. The four equations and their limitations were included.

Within the range of data covered by the correlating equations it was
found that the independent variation of mainstream Mach number had very
little effect on film-cooling performance. It was also determined that
within certain restrictions the effective temperature ratio generalizes
as a function of the (x/s) parameter.

An evaluation of the data showed a definite temperature-ratio effect
for values of effective temperature ratio less than 0.70 and values of
X along the test plate greater than 3.5 inches. Within this particular
range of conditions, it was found that the data could be correlated by
employing a parameter of the form (Ta/T )O-

A cursory examination was made to determine the effect on the wall
temperature of varying the cooling-air temperature independently. Within
the data examined it was found that the difference in wall temperatures
was limited to positions along the test plate relatively near the injec-
tion point.

Film-heating data were obtained to extend the range of temperature
ratios by discharging hot gas through the slot thereby heating the test
plate which was cooled by low-temperature mainstream gas. The results
correlate with the general data obtained in this investigation and agree
fairly well with published data.

Lewls Research Center
National Aeronautics and Space Administration
Cleveland, Ohio, March 2, 1959
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TABLE I. - DATA RUNS
Gas-flow-passage dimensions Slot 'Tg/Ta Main-
Slot height, |Slot |Main- gas stream
X tem- Mach
s, in. area, |[stream
A aresa pera- number,
Nominal|Actual | “as A 44 ture, M
. sq in. | g Ta &
sqQ in. OR
2(a)-| 1/2 0.50 | 3.60 | 60.06 550 |2.718( 0.78"
(b; 540 |2.787| .54
(c 540 |2.796 .23
(a) 540 |1.833 .75
(e) 538 |1.859 .53
(£) 545 |1.872 .22
(g) /éeo..l.sez .70
(h) '875-11. 709 .50
(i) 860 -|1. 756 .20
(3) 1 530 |1.528 .50
(k) l ] 1 \ 1955 - . 545 .50
3(a) 1/4 | 0.26 | 1.733| 61,91 630 13.111 .53
(b) 575 |2.557 . 68
(e) 560 [2.643 .45
(a) 560 |2.666 .22
(e) 545 11,936 .15°
(£) 540 |1.815 .73
(g) 548 [1.807| .52
(h | \ | 1 540 |1.833 .23
4(a§ 1/8 | 0.135| 0.882| 62.84 550 [2.700| .70
(v) 545 |2.734 .51
(c) 545 (2.752 .22
(d) 540 {1.843 .70
(e) 538 11.840 .50
(f) 536 [1.884 .23
(g) 875 -|1. 714 .70
(h) 875 -|1. 703 .50
(1) F { 880 -[1.710| .20
5(a)—| 1/16 | 0.063| 0.442| 63.30 557 [2.684 .70
(v) 550 |2.709 .49,
2c) 548 |2.719 .22
a) 544 |1.838 .70
(e) * ‘540 |1.861 .50
(£) F 543 11.860| .20

A wig N
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TABLE II. - INSTRUMENTATION
(a) Rig
Station or location| Total pressure, [Static pressure, | Thermocouples
on figure 1(b) P P
Mainstream air, [Four-radial, six-|Four wall taps [Twelve
station (1) probe equal-
area rakes 90°
apart

Two-redial, four-
. probe boundary-
layer rakes

Cooling air, Three orifice Three orifice Three orifice
station (3) runs, each con- |runs each con- |runs each
taining one probe|taining two taps containing
one probe
Slot discharge, Ten wall taps Two
station (2)
Slot box, One wall tep Three

section (a)

(b) Test plate

Measuring |Distance from slot, | Thermocouples | Static pressures,
position, in. P
section (b)
X 1.58 3 1
Xo 2.51 3 4
Xz 4.51 3 1
X4 6.51 3 4
X5 8.51 3 1
Xg 10.51 1 1
X7 12.51 3 4
Xg 15.51 1 1
Xg 18.01 1 1
X190 21l.01 1 1
I Xlz 33.91 3 4
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(¢) Two views of test plate.

Figure 1. - Concluded. Film-cooling test facility.
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one-half inch and constant values of mainstream Mach number and temperature ratio.
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Figure 2. - Continued.

Specific-weight-flow-ratio effect on film cooling at a slot

height of one-half inch and constant values of mainstream Mach number and tempera-

ture ratio.
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ture ratio.

272 -;ﬂ




'TW
z " Ta

T

Effective temperature ratio, T

23

T P |
Specific weight
flow ratio, ]
(pV)g
(ijg
o O s 0.384—
D .042 D .528
o .055 A .759 —
> .077 [N .998
74 .109 D 1.45
(v .163 QO 2.05 —
D .222 © 2.87
o .259 0 3.9
-0 =010 L X -
o - E—
(1% - oY N % \\ '
\ N ~ e g kel
A — "\a
.8 I~
Pt S~
D N NN \
0\ \ \D
. AN
VARNEANE
p } \ [2) \ RN ~]
. T
4 \ \ \\ \6\\\\
\:\\\O\\\\ O~ - i
A S~ ~L2
. \» L\\ .
% kv\p\ B —
Sg; e —] —a— o
o} 10 20 30 50 60 70

Distance ratio, x/s

(e} Mainstream gas temperature, 1000° R; slot gas temperature, 538° R; temperature
ratio, 1.859; mainstream Mach number, 0.53.
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Figure 2. - Continued. Specific-weight-flow-ratio effect on film cooling at a slot
height of one-half inch and constant values of mainstream Mach number and tempera-
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2T2-d




E-212

Cv-4

- T,
g~ Te

T

Effective temperature ratio, T

25

T ]
Specific weight
flow ratio, 1
(eV)g
e
> 0.288 D 0.774
o .322 O 1.20
4 410 o  1.19
o 575 D 1.64
1.0
18 19, 194 ) £>——-4>-__-4>‘-——1>_
T R i Vol c.-;alkz{
B o= ™~ "
r— Sy
NI AN h SN =%
\\\2 o ~D\ \D\ —
\\\%\ b\ o \\~o
- S Y ~
\\\§v\ I e
~J TR
L gy
.2 P~ | —
0 1 30 20 50 60 70

Distance ratio, x/s

(g) Mainstream gas temperature, 1480° R; slot gas temperature, 880° R; temperature
ratio, 1.682; mainstream Mach number, 0.70.

Figure 2. - Continued.
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Figure 2. - Continued. Specific-weight-flow-ratio effect on film cooling at a slot
height of one-half inch and constant values of mainstream Mach number and tempera-
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Figure 3. - Continued.

perature ratio.

Specific-weight-flow-ratio effect or film cooling at a slot
height of one-fourth inch and constant values of mainstream Mach number and tem-
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Specific-weight-flow-ratio effect on film cooling at a slot

height of one-fourth inch and constant values of mainstream Mach number and tem-

perature ratio.
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parameter. Slot gas temperature, 538° R; mainstream gas temperature, 1000° R; tempera-
ture ratio, 1.86; mainstream Mach number, 0.53; slot height, one-half inch.




60

- Ty

T,

Tg‘a

Effective temperature ratio,

10 T T
Wall temperature ——
s measuring position _| |
o x; D X7 T
6 a x, 9 Xg ]
O Xz X 1]
. >4 X4 D Xlo
4 1 X5 Ja Xqy T
o Xg 0 X12
2
1
.8 e e N )
- =
6 AN
. ] A4
T >
2
.4 \\O
.2
.1 .2 .4 .6 .8 1 2 4 6 8 10
Temperature ratio, TE
a
Figure 13. - Determination of exponents to be applied to the temperature-ratio parameter.

Mainstream Mach number, 0.5; slot height, one-half inch; specific weight flow ratio,
1.00.




E-212

Measured effective temperature ratio

0 .2 .4 .6 .8 1.0

Calculated effective temperature ratio

0.72 0.50
Ty - T (pV) T
g W _ a(.s.) & . .
(a) L 12.6 [(577;] ” = < 0.70; restric

g

tions on equation: 92.2 percent of data included within
£0.06 bend, (oV),/(pV)g R 2.0, s, 1/16 to 1/2 inch,

x > 3.5 inches.

Figure 14. - Correlation results.




62

Measured effective temperature ratio

1.0

FARA

/

0 .2 .4 .6 .8 1.0
Calculated effective temperature ratio

Ty - T (V)4 0.36 '
(v) EﬁLjfTE 1.8 [T——T— (i) < 0.70; restrictions

g a
on equation: 87 percent of data included within +0.08 band,
(pV)a/(pV)g Z 2.0, s, 1/16 to 1/2 inch, x < 3.5 inch.

Figure 14. - Continued. Correlation results.




E-212

Measured effective temperature ratio

.2 4 .6 .8 1.0
Calculated effective temperature ratio

0.18
Ty - T 0.11
&7 W _ 9315 [(pv)a] (i) > 0.70; restrictions

vaig X

on equation: 89.3 percent of data included in £0.08
band, (pV)y/(pV)g < 4.0, s, 1/8 to 1/2 inch, x/s > 18.6.

Figure 14. - Continued. Correlation results.

63



64

Measured effective temperature ratio

1.0

N

L 4
" ff‘.z: 3

2

Calculated ef

T

Tg

tion: 93.7 percent of data included in 10.08 band,
(pV)a/(pV)g < 4.0, s, 1/8 to 1/2 inch, x/s < 18.6.

Figure 14.

.4

(oV)q

g

- Concluded.

6 8

fective temperature ratio

Correlation results.

NASA - Langley Field, Va. E- 212

1.0

- Ty 0.18 ,
d & ¥ _0.83 > 0.70; restrictions on equa-
T N S

21e-d




